Cavagrande del Cassibile is an important nature reserve in South East Sicily (Italy). It was established to conserve and restore the natural Mediterranean vegetation in the area, as well as to protect and increase the local fauna. Inside the reserve there are farms which only abandoned transhumance in the 1990s. Our research investigates whether the conversion of the farms from transhumance to fixed site stock-breeding has changed the particular landscape under investigation. The study was carried out on two scales: at territory level, in order to analyse the present potential advantages that the reserve offers to the area; and at farm level, in order to analyse the transformation of the landscape and to highlight the importance of the farms in the modern multifunctional rural context. The results at territory level show that the Cavagrande del Cassibile reserve has great potential for environmental agro-tourism. The results of the farm level analysis were obtained by elaborating certain indices (changes in the landscape, continuation of farming, farm size). These allowed the changes in the countryside to be described in quantitative terms. In general, it emerges that there have been structural changes since the days of transhumance and that this has resulted in a landscape where the effects of human activities are more visible. Lastly our research also shows the sensitivity that the stockbreeders and farmers feel for their environment and their willingness to develop activities which will encourage local tourism and excursions.
Introduction
"Transhumance" describes a system of animal husbandry in which the livestock are moved from one farm to another, in some cases over large distances, in order to exploit the available grazing. This has been a common practice in the Mediterranean area since time immemorial, with herds and flocks being taken from the plains to the mountains in summer, in search of mountain grazing, and in winter returning to the plains, where the climate is milder. Once a particular area has been grazed out the herds or flocks move on, the vegetation can regenerate [1] - [3] .
Traditional transhumance-where the animals move slowly for some days along particular routes, with established stopping places where the animals can rest and the shepherds and herdsmen sleep-was widely practised in Sicily until the 1990s. Today, although transhumance is in decline, it is still of economic importance, both in terms of providing feed for the animals and as an activity which preserves and protects natural spaces. Today what little remains of the practice involves the transfer of the herds and flocks in trucks from one area of grazing to another [4] - [6] . As a result, the old trails have fallen into disuse or are used for different purposes. The ancient trails have disappeared because they are now lost in cultivated fields or are metalled over in areas that are no longer pristine countryside, but are now densely populated. The shelters have been abandoned, and the rural houses along the migration routes are often in ruins [7] . The fields along the transhumance trails have lost the beneficial effects that the animals brought to them (grazing and natural fertilisation) [8] [9] .
The way of moving the animals has changed, and many stockbreeders have also chosen to permanently keep the animals in one of the destination points of the transhumance, being it the mountains or the plains. This has meant that the way of running the farms has changed and the farmers have had to acquire new land, in order to meet the increased demand for grazing and forage. Thus abandoning transhumance has resulted in the farms becoming larger, so that they can resolve the problem of lower feed yields in the mountains in the winter and in the plains in the summer (depending on the location of the farms).
As a result, there have been changes in the farms and the landscape, both in the areas that have been used for human settlements and those that have been abandoned. Settled areas have changed because of the effects of having a constant human presence in the area, while abandoned areas have been done so because of the lack of this presence. The former have become more heavily cultivated while the latter are more likely to have returned to nature. Often these changes have occurred in areas in which the environment or the particular landscape is managed and protected by European (Natura 2000 network) or national (Parks or Reserves) norms and regulations [10] .
There have also been changes at farm level. Production on farms on fixed sites is usually of the same quality as before, but is more rarely sufficiently high enough to guarantee a decent income.
Bearing in mind these considerations, this work aims to analyse the landscape changes which have occurred in the Cavagrande del Cassibile Nature Reserve after some farms which had previously practised transhumance and became fixed establishments. The intention is to highlight the qualitative and quantitative aspects of the changes and to investigate possible co-relationships between the physical changes in the landscape and the management systems used on the farms [11] - [13] . Our work may be of assistance to the regional government when they evaluate the re-qualification of the landscape and its productivity. The farms which once practised transhumance can take advantage of the intrinsic potential advantages that their past experience offers them (product quality, traditional values, culture), and thus improving not only their own situation, but also, and more importantly, contributing to the re-qualification in agricultural and tourism terms of little-appreciated places that are presently considered to be of low value. To be more precise, the farms can become a multifunctional asset, which, among other things, would encourage the farmers and farm workers to become more aware of and sensitive to environmental problems, and thus principal actors in the management of the area and the landscape [14] - [16] . The farmers, who often consider themselves as businessmen and guardians of the area, can once more become the true economic motors of the protected areas, continuing to produce unique and inimitable certificated traditional products.
Materials and Methods
The research took place in the Cavagrande del Cassibile Nature Reserve in the province of Syracusa in eastern Sicily (Figure 1 ). Both territorial and farm level information were taken into consideration, so that it was possible to highlight the changes to the local landscape that have occurred since transhumance was abandoned by local farmers. Analysis of the changes that have occurred was based on directly acquired data (opinion surveys completed by farmers, field analysis, interviews with farm workers) and on the basis of the cartographical information available at the GIS website of the Region of Sicily (www.bca.regionesicilia.it, www.pcn.minambiente.it), reelaborated and integrated with ArcMap from Autodesk, at a scale of 1:10,000. Historical maps from the IGM series with a scale of 1:25,000 were also used.
Area of Research
Cavagrande del Cassibile Nature Reserve is situated in the districts of Avola, Noto and Syracusa, in the province of Syracusa in eastern Sicily.The reserve is 27,600 km 2 in area, 9000 km 2 in Zone A (the reserve) and 18,600 km 2 in Zone B (pre-reserve). It takes its character from the River Cassibile (the Greek Kakyparis in antiquity), which gives the area its name and which runs through the canyon that it has created over the millenia. The canyon has a maximum depth of 507 m and a maximum width of 1200 m. Along the canyon bottom the river forms small pools and runs over waterfalls, creating a beautiful natural landscape. The area can be reached along a system of paths and steps. The reserve was conceived with the aim of preserving not only the value of the nature and landscape but also the archaeological and historical wealth of the area. The spontaneous vegetation found at the bottom and along the slopes of the canyon are Mediterranean maquis. There are also extremely interesting archaeological sites, which bear testimony to the presence of humans in the area since prehistoric times [17] .
Although the landscape is very unspoilt, it is strongly influenced by being used for extensive agriculture, particularly animal husbandry. The land on the margins of the canyon is, indeed, used for grazing or the cultivation of cereal crops. Previously transhumance was practised, but today the animals are mainly raised on fixed sites. The animals are housed for the night in the ancient stalls that are found on the various farms. During the day the sheep and cattle graze on the land, and this helps to create its particular character [18] .
Analysis of the Landscape Used for Transhumance
The research was carried out on two different scales:
• territorial, the whole Cavagrande Nature Reserve;
• farm level.
Research at territorial level consisted of analysing the whole area of the nature reserve in order to identify its limits and its potential ability to help the productivity of the existing farms. Today these lack the benefits that they once gained from transhumance. Transhumance fitted in with the objectives of the natural reserve, as it was established to protect the environment and give added value to the landscape [19] . Basic and thematic maps from the websites cited above were then used, in conjunction with numerous direct observations, to create new maps which show the use of the soil, the infrastructure, the pathways, the cultural and archaeological heritage and isolated buildings.
Sicily
The farm scale research investigated the six existing farms which had abandoned transhumance-they make up some 30% of the transhumance farms active in the 1990s-and which are sited completely or in part in the Cavagrande Nature Reserve. Data was collected in the field with the help of a questionnaire divided into the following sections:
• Section 1: general characteristics of the farm; • Section 2: farm buildings; • Section 3: breeds of animals raised; • Section 4: multifunctional aspects of the farm.
Section 1 allowed us to gather data on the location, the extent and the use of the land and on whether or not this was inside or outside the limits of the nature reserve. The information was combined with that of 1:10,000 scale aerial maps, which showed the boundaries of the farms, the crops and the changes in cultivation that have taken place since the farms stopped practising transhumance. The historic IGM 1:25,000 scale 277-IV-NO "Noto Antica" and 277-IV-NE "Cassibile" maps were also used, as it is very possible that the land use that they show may well have continued until the 1990s. The above data was of particular importance in helping us to analyse the landscape and to elaborate the following indicators [20] [21]:
• variations in the size of the individual farms (VS);
• variations in the present size of the farms compared to when they practised transhumance (VST);
• size of farms which have not changed their type of farming (DUa);
• compaction index (CI), given from the relationship between the area and the perimeter 2 A P π where A is the area of the farm and P its perimeter. This index has its greatest value (1) when the perimeter is circular. All other forms have lower values. The index result is 0.88 for squares and 0.83 and 0.76 for rectangles with sides with a ratio of 1:2 and 1:3, respectively. The indices were calculated for each class of land use for both the present situation and the previous historic one [20] . Sections 2 and 3 characterise the farms in terms of their buildings and productive activities. The information is used for developing hypotheses on what types of possible multifunctional development would be coherent with the infrastructure and productive activities of the particular farm.
Section 4 shows data on the management of the farms and the willingness of the farmers to combine their present activities with other multifunctional ones.
Results

Territorial Scale
The natural reserve takes its character from the deep canyon with the Cassibile River running through it in Zone A. The pre-reserve area is a mainly flat buffer zone along the margins of the canyon. This zone is from 0 to some 1000 metres wide.
All the vegetation in Zone A is spontaneous. It consists of Mediterranean maquis and woods. Grazing predominates in the higher areas of the pre-reserve, together with some small patches of arable land or areas used for cereal crops. Specialised farming takes place near the mouth of the Cassibile River, with the land mainly used for vegetable cultivation or fruit orchards, although there are also some irrigated areas and grazing land (Figure 2(a) ).
There are provincial roads running along the edges of the nature reserve. These connect the coast with the interior. A motorway runs through the reserve near the coast, making the area easily accessible from the Cassibile intersection. The road network in the nature reserve is extensive enough for all the areas used for farming and grazing to be easily reached. It also connects the motorway with the entrances of the canyon. There are eight trails inside the canyon, leading down its steep slopes to the pools at the bottom, although not all of these are easy to use (Figure 2(b) ).
The rural buildings are mainly old, and often in ruins. Of the latter, the suitable ones are used either to provide overnight housing for the animals or the shepherds and herdsmen. There are also new inhabited buildings in the pre-reserve area south of the canyon (Figure 2(b) ).
Apart from the undoubted natural beauty of the nature reserve, it is also the site of important ancient cave dwellings, and is surrounded by historical roads and architecturally valuable rural buildings (mills and farm manor houses) (Figure 2(c) ). Although the area does offer some limited services for visitors (picnic sites and car parks), the archaeological sites are not properly managed and often not even adequately indicated or described. 
Farm Scale
Below we show the results of the elaboration of the cartographic and numeric data obtained from the questionnaires, and interpretation of the historic maps.
General Characteristics of the Farms
All of the farms in the survey are partly or totally inside the nature reserve. Most of them are rented. Most of the land is used for grazing or is arable land. In four of the farms there are woods and Mediterranean maquis. This is the typical vegetation on the walls of the canyon. The maps of the boundaries of the present farms and those from the 1990s (when transhumance was still practised) and the changes which have occurred in these boundaries and the type of farming practised allowed us to develop certain indices which show how the landscape has been transformed since transhumance was abandoned.
The VS index (variations in the area of the farm since transhumance was abandoned) shows that the area of land occupied by the farms has increased by some 63%. The index shows the average values, excluding farm 3, which increased in size by 168.88% and farm 2 which increased by 29.97% (Table 1, Figure 3) .
The VST index analyses the variations in land use irrespective of where it is found on the farm. During transhumance most farm land was grazing or fallow land (51.1%), or woods and shrubland (25.9%). Today the former two are slightly less (50.1%), while the latter are much less (10.9%). This is because of a marked increase in arable land, which has gone from 4.6% before to 27.5% today. There is a markedly lower percentage of natural land today (11.2% compared to 17.9% when transhumance was practised). This is because the farms have become bigger. The farms have increased in size, above all increasing their amount of arable land (by 876.34%) and grazing and fallow land (by 59.58%), while the percentage of woods and shrubland has fallen by 31.55%. There has also been a marked increase in the amount of land occupied by buildings, due to some farms having expanded in recent years ( Table 2 , Figure 4 (a) and Figure 4(b) ). Today 66.12% of the land on the farms is still used for the same purposes as in the past, when transhumance was practised (DUa). Most is used for grazing or left fallow, and covers 73.65% of its original area. This is followed by arable land (48.49% of the original area) and then arable land with trees (33.54% of the original area). The natural areas are almost as large as they were during the period of transhumance (95.38%) (Table 3, Figure  4(c) ).
The lower values for the compaction indices of the farms (CI) indicate that the present boundaries of the farms are more fragmented than they were in the past. In other words the farms themselves have become more fragmented (often one farm will own parcels of land which are separated from one another) (Table 4, Figure 5) .
The compaction indices for land use have lower values for each farm than they did when transhumance was practised. In general this shows how the present farms have become more fragmented. However some of the data is of notable interest. In general the values for the canyon, woods and Mediterranean maquis were the same, which is evidence of the persistence of the natural landscape, even inside the farms. The fact that some of the land was used for arable purposes on Farms 3, 5 and 6 in 2013, but not in the 1990s is due, on one hand, to extra land being used and on the other, but to a lesser extent, to land use changing from woodland to arable. This is evidence of the reduction in the woodland in the area. There is also evidence that today each class of land use is more fragmented than it was in the past. Today parcels of arable and grazing land are interspersed among the woods in what was once completely woodland. This has created a more varied landscape, but one in which human activities are more visible than they were during the period of transhumance ( Table 5) .
Farm Buildings
All of the old farm buildings are still used today as temporary accommodation for the families of the farm workers and as shelter for the animals at night or in bad weather. They are still suitable for this, even though they are in good condition on only half of the farms. All the farms are supplied with water although only three are connected to the electricity network. They do not have buildings for processing the milk.
Animals Raised
Five farms raise cattle (between 50 and 100 head), and one of these also raises sheep and goats, while another two raise horses. One farm raises only sheep and goats. Farm 1 raises cattle of a mixed Sicilian-Piedmontese breed serviced by Limousin beef bulls. The farm also raises protected autochthonous Sicilian breeds in danger of extinction, and above all Ragusan donkeys. Farm 2 raises cattle of ancient Sicilian breeds, serviced by French beef bulls. Farm 3 raises autochthonous Sicilian Cinisara cows, serviced by beef bulls. Farm 4 raises mixed breed cattle, serviced by French beef bulls, as well as horses of the autochthonous San Fratellana breed. Farm 5 raises cattle of ancient Sicilian breeds crossed with French beef bulls, as well as sheep and goats of mixed breeds. Farm 6 raises autochthonous breeds of Messinese goats.
Farm Multi-Functionality
None of the farms have accommodation for visitors and they do not organise other multifunctional activities such as farm visits, B&Bs or agro-tourism. The two farms which raise sheep and goats sell their products directly and also have the equipment for processing the products into such things as ricotta. Three farms have expressed interest in accommodating tourists and promoting the farm products. Only the farms which are interested in developing multi-functional activities attach great importance to the presence of tourists in the area and are willing to gradually start opening up the farm infrastructure to visitors. Most farmers attach medium to high importance to the establishment of the nature reserve, knowing that, apart from conserving the natural landscape, this will allow them to continue their traditional high quality farming practises, and that the presence of the nature reserve may give additional value to their products. All the farms expressed great interest in improving their infrastructures and the support services for their principal farming activities. To be more precise, all the farms attached most importance to improving the road network inside the nature reserve. When asked "Which services are indispensable for encouraging the activities of the farm?" almost all the farms mentioned the establishment of local markets, while a minority mentioned the establishment of cooperatives and improving the infrastructure.
Discussion of the Results and Conclusions
The abandonment of traditional transhumance has not only led to clear and apparent cultural losses, but has also, without question, transformed the landscape.
The territorial scale analysis of the whole area of the nature reserve showed the various possibilities that the presence of the long-established working farms in the reserve could offer for the future. Farming along the coast is intensive, while the farms on the inland plateau practice fixed animal husbandry, with the land being used for grazing and arable farming. These farms could supply local markets, as all the farmers wish to do. The area has an adequate road network and there is a good network of paths in Zone A. The buildings, especially the ancient farm buildings and the old rural dwellings, could also provide excellent support to local tourism [15] [22] [23] .
Farm Level Analysis highlighted certain aspects which are of marked interest, both in terms of understanding the changes that have taken place in the landscape in the last thirty years after transhumance was abandoned and in terms of the organisational assets of the farms in the sample. To be more precise, these are:
• abandonment of transhumance has led to a clear and apparent change in the use of the land, with more arable farming and a more marked and visible human impact on the landscape; • the increase in the size of the farms has had an effect on the landscape, because the farmers are using the new land for forage crops, which increases the visible human impact; • the changes in both the overall size of the farms and the amount of land that is dedicated to particular uses influence the Compaction Indices (CI). Analysis of these showed that the farms are more fragmented, and this has also increased the visible human impact on the landscape since the days of transhumance; • the indices which we analysed (VST, DUa and CI) show that the land covered by woods or in the canyon occupies the same amount of land as it did before; • continued use of the land for the same purposes as before is most common in areas which are difficult to cultivate, such as grazing, fallow land, woods and the canyon; • the farmers are aware of the touristic and environmental potential of their land and expressed their willingness to integrate their main activities with collateral activities that would encourage and assist tourism in the nature reserve.
Thus the results of our research show on one hand that there is now more human impact on the landscape today than there was in the days of transhumance and on the other hand show the willingness of the farmers to engage and support innovative actions which will protect and give added value to the area and the landscape [24] . The farmers know that this is the best way for them to continue and develop their activities. The recent past of the farms provides a solid cultural base for encouraging the development of multifunctional farming, animal husbandry and ecological activities [25] .
Even though the research investigates a specific territorial environment, it is also of more general interest, for the following reasons:
• The method may be used in similar contexts and may produce interesting results for other areas where it is used; • Demonstrating the effects of the abandonment of transhumance on the landscape in the area studied supplies useful information which can be used to help protected areas from becoming too anthropomorphised. This is because even today transhumance still guarantees the historic stability of the landscape.
